created deletion mutants using CRISPR/Cas9 technology. Their data support the hypothesis as P. pacificus animals with more than two gene copies show no dauer formation in response to pheromone, whereas the deletion of one or both gene copies in RS2333 results in significantly higher dauer formation. The authors also show that this function is mediated by the CAN neurons. dau-1 is expressed in these cells, and ablation of these neurons results in increased dauer formation similar to that seen in dau-1 mutants. Finally, epistasis experiments show that dau-1 acts either downstream or in parallel to steroid hormone signaling, but is dependent on the nuclear hormone receptor gene daf-12 (Fig 1) .
Discovery of the dau-1 genes provides insight for how orphan genes can play an important role in the function and the evolution of biological networks that are conserved across species. The presence-and the duplication-of this gene is interpreted to provide a selective advantage in the context of intraspecific competition because it would allow individuals to continue with a reproductive life cycle even in the presence of crowding. Indeed, Mayer et al. have uncovered additional dau-1 paralogs in RS2333, indicating a potential for ongoing duplication of these novel genes [15] . A second important finding of this paper is that these orphan genes influence dauer formation by modulating a pathway with highly conserved elements (Fig 1) . The results provide an important experimental example to complement the theoretical models for how the evolution of novel genes can add functional modifications to conserved regulatory networks. In this case, orphan gene evolution contributes to the evolutionary arms race between competing strains.
Important questions remain. In particular, previous work showed that different P. pacificus isolates exhibit differences in pheromone signaling and dauer survival, in addition to pheromone response, arguing that there are additional genetic modifications in the dauer regulatory Proposed model for genetic evolution in P. pacificus dauer formation. A) Conserved features of the dauer formation pathway. In endocrine cells, cholesterol is a substrate for the biosynthesis of dafachronic acid (DA), a DAF-12 ligand that suppresses the ability of DAF-12 to promote dauer formation. B) Model for the RS5134/Ohio strain with one copy of dauerless (dau-1.1). dau-1.1 is expressed in the CAN neuron cells and acts (genetically) to inhibit DAF-12 function and thereby inhibit dauer formation. C) The RS2333/California strain has two copies of dauerless (dau-1.1 and dau-1.2), and a corresponding double effect of inhibition of dauer formation.
network [14] . Whether these functions are influenced by dau-1 or related genes, and how these features of the dauer regulation network may interact, is not known. In addition, whether this represents a unique example or an evolutionary prototype is not clear. Generalizations of the types of changes that are responsible for evolutionary change have focused on the level of individual orthologous (and, therefore, conserved) genes [16] [17] . These earlier analyses did, however, highlight how the network position of a gene can influence whether it is likely subject to evolutionary modification, and the types of network nodes that are more likely to be affected by cis-regulatory or protein-coding changes. As more evolutionary examples involving orphan genes are described, it will be interesting to learn if they are preferentially incorporated into particular nodes of regulatory networks, and whether they contribute primarily to intraspecific differences or have a role at longer evolutionary timescales.
